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Introduction
Despite very intense research efforts, the structure and the composition of the Earth's solid inner core is still unknown. It is widely accepted, that iron is its main component, however there is no consensus about the crystal phase in which iron is present. In recent years, Fe was suggested to occur in the core in the body-centered cubic (bcc) phase [1, 2, 3, 4, 5] . It is known, however, that the density of pure Fe is larger than that of the inner core.
Consequently, one or more light elements are necessarily present in the core beyond Fe. Bcc Fe-based composition models containing silicon [6, 7] , sulphur [7] , and nickel [8] alloying elements can reproduce the density deficit [9] of the inner core. However, none of these composition models show agreement in other physical properties of the inner core, as given in the Preliminary Reference Earth Model [10] . We have suggested earlier that magnesium, one of the most abundant of Earth elements, is a strong candidate light element of the inner core [11, 12] .
The partition of Mg into the inner core is still controversial [11] . Mg is often classified as a litophile element [13, 14] , and therefore its presence in the core is precluded. This is based on two main arguments. First, the consistency between the relative amount of Mg in the Earth's mantle and in the chondritic models, led to the thought that the occurrence of Mg in the core is unlikely. Second, based on oxygen fugacity at mantle conditions [15] , metallic Mg in the core is believed to require extremely reducing conditions. However, the oxygen fugacity significantly increases with increasing temperature for Mg, indicating that at inner core conditions the presence of Mg can not be ruled out [15] . Furthermore, the ionic character of metal oxides at the extreme conditions of the core, is not yet understood.
Here, without examining the partition of Mg into the core, we analyze the thermo-physical properties of bcc Fe-Mg alloys up to core conditions, and give an electronic structure explanation of their dynamical stability. We note that the thermodynamic stability is not discussed in this study.
The paper is organized as follows. In Section 2 we briefly review the computational details of the theoretical calculations. In Section 3 we present the equation of state for bcc Fe and Fe-Mg alloys containing 5 and 10% Mg, the single crystal elastic constants at zero and at high (T =7000 K) temperature, and the polycrystalline elastic constants of the alloys. Next, based on electronic structure analysis, we explain the dynamical stability of pure bcc Fe and Fe-Mg alloys. Finally, we compare the thermo-physical properties of bcc Fe-Mg alloys considered here with those of the Earth's inner core.
Computational details
The present ab initio calculations are based on density functional theory [16] using the generalized gradient approximation (GGA) [17] for the exchange-correlation functional. The Kohn-Sham equations were solved using the Exact Muffin-tin Orbitals method [18, 19, 20, 21] . This scheme was proved to be an accurate approach in the theoretical description of the disordered solid solutions [20, 22, 23, 24] . Non-magnetic calculations were done to determine the elastic constants, since bcc Fe and Fe-Mg alloys are non-magnetic at inner core conditions [12] . The two cubic shear constants, C ′ = (C 11 − C 12 )/2 and C 44 , were obtained from volume-conserving orthorhombic and monoclinic distortions, as in Refs. [12, 25] . The temperature dependence of the elastic constants was calculated for T =7000 K as described in Ref. [26] .
Results and discussion
We calculated the equation of state for pure bcc Fe, as well as for bcc GPa. This is in line with the gradually vanishing calculated ferromagnetic moment on Fe.
The effect of Mg-alloying can be observed in Fig. 1 In the following we examine the elastic constants at T =7000 K (Table   1) . At this temperature, pure bcc Fe is in our calculations still unstable at high pressures, i.e. at small volumes. Namely, at V =44.60 Bohr 3 /atom, we calculate C ′ =-43.7 GPa for Fe at T =7000 K ( 2 in Ref. [12] ), we can observe that (i) the DOS at E F is significantly larger in the bcc phase, and (ii) the DOS is more irregular in bcc Fe compared to the almost constant DOS calculated for the hcp phase. These changes in the DOS result in that the electron excitations are more significant in the case of the bcc structure than for the hcp structure. The increasing temperature increases C ′ of bcc Fe, first of all because the electronic entropy increases with distortion. In bcc Fe at T =7000 K, the electronic entropy term in the Gibbs free energy (-T S e ) is 3.0 mRy larger in the distorted structure than in the non-distorted system. In Fe 0.9 Mg 0.1 , -T S e is increased by 1.6 mRy in the distorted structure compared to that of the non-distorted system. This shows that the dynamical stabilization effect of temperature is larger in pure Reference Earth Model (PREM) [10] , which is based on seismic observations.
In the following we compare the high-temperature elastic properties of bcc Fe-Mg alloys, calculated within the present study, with seismic data of the inner core, as given in PREM [10] .
It is known that the resistance of pure iron to shear does not match the very low shear modulus of the Earth's inner core [4] . At 360 GPa pressure, Belonoshko et al. calculated G=274.3 GPa at T =6000 K, and G=243.1
GPa for bcc Fe at T =7400 K [4, 30] . From seismic observations [10] , the shear modulus of the inner core varies between 156.7 and 176.1 GPa. Our calculations show that 5% Mg addition at 364 GPa and T =7000 K, decreases the shear modulus of pure bcc iron to 165.83 GPa (Table 2) , which is in excellent agreement with seismic data (Fig. 3, top panel) . The calculated shear moduli of Fe 0.9 Mg 0.1 T =7000 K, however, are significantly higher than those of the core, indicating that at this temperature, less Mg might be present in the core.
The bulk moduli, B, calculated for Fe 0.95 Mg 0.05 and Fe 0.9 Mg 0.1 alloys are shown in the middle panel of Fig. 3 . The calculated B values agree well with the bulk modulus of the core for both alloys. The bulk modulus of the core is B PREM =1425.3 GPa at P PREM =364 GPa pressure [10] . For Fe 0.95 Mg 0.05 we obtain B=1424 GPa (Table 1) at P =364 GPa pressure, which differs from the bulk modulus of the core by -0.1%. The present calculated bulk modulus for Fe 0.9 Mg 0.1 , B=1386 GPa at P =362 GPa pressure, deviates from that of the core by -3%.
The present theoretical longitudinal sound velocities, v P , show good agreement with seismic observations for both Fe-Mg alloys (Fig. 3, bottom panel) .
We calculate v P =11.0 km/s at P =364 GPa pressure in Fe 0.95 Mg 0.05 (Table   2 ), which differs from v Based on the present and our previous [12] results, we suggest that in the core, Mg has a decreasing concentration profile with increasing pressure.
Namely, close to the boundary of the inner core, ≈9% Mg provides good agreement with seismic data, while in the central part of the core ≈5% Mg may be present. We note here that our results were obtained by neglecting phonon contributions. To estimate the effect of phonons, we consider Belonoshko et al.'s molecular dynamics simulations [4] . For pure bcc Fe, at P =360 GPa they calculated C ′ =13.8 GPa at T =6000 K and C ′ =26.3 GPa at T =7000 K. Assuming linear temperature dependence for elastic constants in this temperature interval, C ′ would be increased by about 66 GPa due to vibration in pure Fe at T =7000 K. At this temperature, and at P =364 GPa, with the phonon correction we get C ′ ≈75 GPa, and in turn, G≈202 GPa in Fe 0.95 Mg 0.05 . This indicates that taking into account lattice vibrations, less than 5% Mg would be enough to reproduce the physical properties of the core T =7000 K.
Conclusions
We given in PREM [10] are also displayed (blue triangles). 
